Choyo 5435, Aso, Kumamoto 869-]4, Ja pan Six aromatic compounds, asebogenin (1), 2',6'-dihydroxy-4'-methoxydihydrochalcone (2), 3-geranyl-4-methoxybenzoic acid (3), 3-geranyl-4hydroxybenzoic acid (4), nervogenic acid (5) and 2,2-dimethyl-6-carboxyl-8-prenylchromene (6) were isolated from the methanol extract of the aerial part of Piper elongatum VAHL., whose leaves are used as a folk medicine in South America. The structures of 1-6 were elucidated by MS, IH-NMR and 13C-NMR spectroscopies, and chemical evidence. Among these compounds, I showed stronger antioxidative activity than that of a-tocopherol, and 4 and 5 exhibited higher activity than that of t-butyl-4-hydroxyanisole (BHA) using the ferric thiocyanate method.
investigations of P. elongatum VAHL., phenylpropene, benzoic acid and fiavonoid derivatives from the fruits, and prenylated benzoic acid derivatives, chromenes and dihydrochalcones from its leaves were reported (Burke & Nair, 1986; Orjala et ed, 1993a Orjala et ed, , b, 1994 . In the course ofour studies on natural antioxidants (Ono et a/, 1995 (Ono et a/, , 1997 , the methanol extract of this aerial part revealed stronger antioxidative activity than BHA which is a synthetic antioxidant, using linolelc acid as the substrate by the ferric thiocyanate method.
In this paper, we report the isolation and structure elucidation of six aromatic compounds from the methanol extract of the aerial part of P. elongatum VAHL., and their antioxidative effects evaluated using the ferric thiocyanate method.
Materials and Methods
The plant material of P. e/ongatum VAHL, was purchased from Fundacion para la Investigacion Tecnologica del Recurso Agrobiologico Andino in Peru. Melting points (mp) were deterrnined on a Yanagimoto apparatus and are uncorrected. The infra-red (lR) spectrum was taken on a Hitachi IR spectrometer model 270-30. The proton (1H) and the carbon-13 (13C) nuclear magnetic resonance (NMR) spectra were recorded on JEOL-GX-400 spectrometers; chemical shifts were recorded on a 6 (ppm) scale wlth tetramethyl silane (TMS) as the internal standard. The ion fast atom bombardment mass spectrum (FAB-MS) and the electron impact mass spectrum (EI-MS) were obtained on a JEOL JMS-DX-303 HF (FAB-MS: matrix, glycerol/MeOH.
El-MS: ionization voltage, 70 eV). The visible absorptions
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were measured with a Shimadzu U V-140-02 spectrometer (Shimadzu, Kyoto). Column chromatography was carried out with Sephadex LH 20 (Phaamacia Fine Chemicals, Uppsala, Sweden), Diaion HP 20 (Mitsubishi Chemical Industries Co., Ltd., Tokyo) and Cosmosil 75C18 ODS (Nacalai Tesque, Inc., Kyoto). Thin layer chromatography (TLC) was done with silica gel 60 F254 (Merck Art. 5554; Merck, Darmstadt, Germany) and RP-18 F254 (Merck Art. l 3724) and detection was achleved by spraying the plates with 10% H2S04-MeOH reagent, followed by heating or by spraying with FeC13 reagent. High performance liquid chromatographic (HPLC) separation was run on a Micro Pump Shimadzu LC-6A with a UV-Detector Shimadzu SPD-6A or with a RI-Detector Shimadzu RID-6A. For HPLC column chromatography, Inertsil ODS-2 (GL Sciences, Tokyo, 20 mm i.d. x250 mm) with the MeOH-H20 system as the developing solvent was used.
Extraction and isolation The air-dried and powdered aerial part of P. elongatum VAHL. (5.00 kg) was extracted with MeOH (13 /) under reflux, and the solvent was removed under reduced pressure to afford a brown extract (288 g). This extract was defatted by treatment of hexane (300 ml x2) to give a hexane-soluble fraction (7.66 g) and the residue (275 g).
This resldue was successively chromatographed over Dialon HP 20 with 40% MeOH, 60% MeOH, 80% MeOH, MeOH and acetone to afford fractions I (62.6 g), 2 (35.7 g), 3 (37.4 g), 4
(93.1 g) and 5 (39.1 g). Fraction 3 (0.83 g) was chromatographed over Sephadex LH 20 with MeOH to give fractions 6 (478 mg) and 7 (192 mg). Fraction 7 was crystallized from MeOH to give I ( 125 mg). Nervogenic acid (5): An amorphous powder. IH-NMR (in DMSO-d6' 400 MHz) (~: 1.68 (6H, s, 5'-CH3' 5"-CH3)' 1.72
5.28 (2H, br t, J=7.3 Hz, 2'-H, 2"-H), 7.51 (2H, s, 2-H, 6-H). Antioxidative assay Antioxidative activity of the test sample was measured using the previously descrlbed ferric thiocyanate method (Ono et al., 1995) . A mixture of 2.51% linoleic acid ethanol solution (1.03 ml), 0.05 M phosphate buffer (pH 7.0, 2.00 ml) and water (0.97 ml) was added to the ethanol solution ( I .OO ml) of each sample in a vial with a cap and placed in the dark at 40'C to accelerate the oxidation. At intervals durlng incubation, this assay solution (0.lO ml) was diluted with 75% ethanol (9.70 ml), which was followed by adding 30% ammonium thiocyanate (0.lOml). Precisely 3 min after the addition of 0.02 M ferrous chloride in 3.5% hydrochloric acid (0.10ml) to the reaction mlxture, the absorbance due to the developed red color was measured at 500 nm.
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Results and Discussion
The aerial part of P. elongatum VAHL, was extracted with 2.0 287 methanol under refiux. This extract, which showed a stronger antioxidative effect than BHA (Fig. l) ~ 168.2, 166.3, 157.2, 134.7, 131,1, 116.4, l06.8, 95 . I ), one methoxyl carbon ((~ 56.6) and two methylene carbons ((~ 48.2, 32.1). Furthermore, the acetate of I (1a) showed signals of three acetyl groups in the IH-NMR spectrum. These data indicated I to be a dihydrochalcone derivatlve composed of three hydroxy groups and one methoxyl group. The assignments of the connecting location for these substituents were based on the chemical shifts and splitting patterns of the aromatic proton signals in the IH-NMR spectrum and the nuclear Overhauser effect (NOE) difference spectrum. In the NOE spectrum of 1, irradiation of the signal of the methoxyl protons at (~ 3.75 gave the NOE enhancement of the signal at (~ 5.92 (2H, s) . From this evidence, I was found to be identical with asebogenin, which is the aglycone of asebotin (Terai et al, 1973) (Fig. 2) . 27 l, which was 16 mass units less than that of 1. The IH-and 13C-NMR spectra of 2 were analogous to those of 1, except for the appearance of signals due to a phenyl group and the loss of those due to a p-hydroxyphenyl group. Based on these data, the structure of 2 was suggested to be 2',6'-dihydroxy-4'-methoxydihydrochalcone, and finally, this was confirmed by the IH-NMR data when compared with those of an authentic sample (Tanaka et al., 1984) (Fig. 2) . Compounds I and 2 have previously been reported as the constituents of Popu/us trichocarpa (English et a/., 1991) . LC9H15J+ (Orjala et al, 1993a) . In the NOE difference spectrum of3, the correlations are illustrated in Fig. 3 , which indicated 3 to be 3-geranyl-4-methoxybenzoic acid (Fig. 2 ).
This was confirmed by the evidence that diazomethane treatment of 3 gave the known methyl 3-geranyl-4-methoxybenzoic acid (3a) (Orjala et al., 1993a) . Consequently, the structure of 3 was concluded as shown in Fig. 2 .
Compound 4 methoxyl group ((~ 3.86 and (~ 55.7) in 4, observed in the NMR data of 3. Furthermore, methylation of 4 by the dlazomethane-ether gave 3a. From the above evidence, 4 was found to be identical with 3-geranyl-4-hydroxybenzoic acid, which was isolated from Lindera umbellata (Tanaka, et a/, 1984) and Piper murrayanum (Seeram et al, 1996) (Fig. 2) .
Compound 5 ~ 156.4, 128.4, 127.9, 121.5) and five carbons for a prenyl group ((~ 1 32.0, 1 22. l, 28. I , 25.5, 17.6) . From these data, 5 was suggested to be nervogenic acid (Orjala et al, 1993a), which was confirmed by the IH-and 13C-NMR data when compared to those of an authentic sample (Abe & Yamauchi, 1985) (Fig. 2) . ((~ 27.8) . The location of these groups were decided on the basis of the 13C-NMR data and the NOE difference spectrum of6. The NOE correlations are illustrated in Fig. 3 . Furthermore, 6 was treated wlth diazomethane to afford 6a, which showed the signal of only one methoxyl group [(~ 3.86 (3H, s)] in the IH-NMR spectrum. These data indicated 6 to be a dimethylchromene derivative, composed of one carboxyl group and one prenyl group. Accordingly, the structure of 6 was determined to be 2,2-dimethyl-6-carboxyl-8-prenylchromene (Orjala et aZ, 1993b) As far as we know, compounds 5 and 6 have previously been isolated from the dried leaves of Piper aduncum L.
(Piper elongatum VAHL.) (Orjala et a[, 1993a, b) , but this report is the first example of the isolation of 1, 2, 3 and 4 from this plant, and further, 3 is regarded as a new compound.
Antioxidative effect of compounds 1-6 The antioxidative activities of 1-6 were evaluated using the ferrlc thiocyanate method (Ono et a/., 1995) . Compounds 1, 4 and 5 showed stronger antioxidative activity than that of c!-tocopherol. Furthermore, 4 and 5 exhibited higher activity than that of BHA at the final concentratlon of 0.02% (Fig. 4) . These data indicated that the antioxidative activities of 1, 4 and 5 depended upon the occurrence ofthe hydroxyl group on the benzene ring. However, the activity of the methanol extract was higher than those of 1, 4 and 5. Therefore, it was suggested that more antioxidative active constituents than these compounds would be present in the methanol extract and/or a synergistic effect might be recognized in combination with some compounds.
Recently, J. Orjala et al. ( 1993a Orjala et al. ( , b, 1994 reported that l, 2, 5 and 6 showed antibacterial activities, but the antioxidative activities of 1-6 are described for the first time.
Further investigatlons of the constituents of this plant are in progress.
